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This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 



Property Office. 



m a a a : 10-2002-0080024 

Application Number PATENT-2002-0080024 

t i y i ^ : 2002^ 12S 14& 
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1020020080024 #3 2003/1/18 

[S£B!£] 0003 

[HlSSlft] 2002.12.14 

[^fll^MW] G02B 

[^go| g°g§] THULIUM DOPED FIBER AMPLIFIER 

1-1998-104271-3 

[CHEISI] 

[ LH £l 21 3 H ] 9-1 998-000339-8 

[5I?IS§^aS] 1999-006038-0 

[&S°I SSH^I] HWANG, Seong Taek 

650306-1535311 
459-707 

[^^] s^it mmh\ m^m amount 102-303 

[^Sj] KR 

^HJI] SSI 
[£9°l SSH^I] OH.Yun Je 

I^&JM^SS] 620830-1052015 

449-915 

[3^] ' SJIS S°JAI g^olOI^ 102§ 202S 

KR 

imx\] mms 111422 °i ^soii °i§* is, ^sis hi6oze°i ^ 

011 21 §t ss&ai- s s?sua. ch£I2I 

OI2d^ (21) 

21-1 
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B| 2003/1 



mm 
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19 £ 
0 S 
0 2 
9 S 
426,000 



29 , 000 2! 

0 S 

0 a 

397 , 000 8! 
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W ^7> ^7) ^7> ^g-fr* ^*>7l ^tsfl C-^^l 71 

4^HH S]=i*l* M-E}^^ 7}<£ ^B^i=. ^ 1 «.<4; A o > 7 ] 

£ 2 

[Ajjclol] 

^7> ^-fr ^7], ^3.5} ^ tij-^, JjLxt, ^ 7 > #^-fi- 
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-t* ^7} ^-H- f^7l {THULIUM DOPED FIBER AMPLIFIER} 



IE 1^ ^7> 9] ^-i- M-^ufl^ 

£ 2^r *V *fll ^Aj^ofl 4= f-^- ^ 7 j- fl^-fr ^7l^ ^->£# 

-£ 3-^ uV^-^t!: *112 -^HH n}-^ 1-1- ^7} #^7l^ 



^7)011 ^ 

7l^V^^^S. #7>5l^ cllolBl^^ o]*fl ^^^sK wave length 
division multiplexing: WDM) tit\&S-9) J^o] £_^-S]o] 

C- tt J|JE.( conventional band) ( 1530- 1560nm)^ L-«H^(long band)(1570~1600nm) o}xJ| 
£}- S-^=(1450~1500nm)# °|-g-*}^ #cfl<* A]i9io)| ^7}- 
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Jl &t}. %^ %*±3L4\ ^ ^ W^^lSl ^-f ^(erbium) 

Q±7} $7}& 3Mi-fr (erbium-doped fiber amplifier: EDFA)7> ^ °l-§-S)31 $X 

ift-11, ^ tfl^^ c-«H = ^- L-ifflE. 4^ 30nm Xltr^H EDFA ^ tfl<*o_ 

sH>*}7l ^ S-^ = l- ^^>7l ^ Afl^g- uflSflol thulium) ^l-^^l 

%7\Q ^^7l (thulium-doped fiber amplifier: TDFAH1 rfl^ <*\^-7} %^-*| ^ 

*§£);n sacf. a^tf TDFA^l ^3 A}-g-5q^ sgsg l . 05/1 . 56jun iE^ 

1.4/1.56^mol^|^ f °l*Htr ^^*>^ 3M*1 4°1-^-t-^( laser 

diode: LD)7> ^-fr^x] &&i=Rr ^-Xl^H Xil^r. 

<6> £ 1^ ^2j|6jj « ^7> o. 2] ^-g- M-Bflfl^ S^olcf. ^"71 

^7> 3M3-n- #^7l^ DFBCdistributed feedback) 3M*1 cj-o] _o o.c (112 ) ^ «>)-§. 
^7> ^-a-fi- ^7l(114)S. ^l*}^ £#(pump module, 110)3)- , XU gj Xl2 4^ 
a}bm ^tM (wavelength selective coupler: WSC, 120,150)^, XI 1 ^ Xl2 <>W#3fl°lBl 
(isolator, 130, 170) ^ ^(pumping source, 140)-4, l:f- $7} 3hS-fi-(160)3. 

<7> ^-71 DFB iSIM*! cfol^.Jjs-c( 112 )fe. i.56^n 4^ XU ^^^^r #7] 

^ ^7} ##71(114)^ #7] XI 1 ^#^r #3^. ^71 X| 1 ^ 

^ ^71 <X-& ^7> ^ o. ^ 7Kn4)7> ^«l^t).. ^7) ^7} ^Aj-fr ^71(114) 

^ <H# ^7> ^ o.5f ; c^-g- ^-f}-«. ^^^>7l ^«fl 
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0.98/an sj-#<5] &^%^r #^*Kr 3M*| ^o]^^, #7} XU #7l 
^7> ^^7l7l ^tt ^ ^ ^7)S. ^€ 5W. #7l *fll sj-^J- 

^ ^^-71(120)^- S-HHS-^ ^r*l"fe ^3 #^1JL£}- <#7] *fll ^#^§- £^-«H 

^"71 afll o>ol^eflolEKl30)^ >8"7l m ^^-71(120)^ #7l 

^7> ^-B-(160)S1 A>oloil wfl^^o.^.^, #7] #^!JL£q- ^ y 0 v ^^-^ ^l*3*Rr 

^-71 ^ #^(140)£r ^"71 ^7> ^^-(160)1- ^*>7l ^tsfl 

0.98m 4^ *fl2 ^#-§: #7l X| 2 spSHd^ ^^-71(150)^ ^"71 

* XI 1 ^-7) X12 ^^h8: ^7l ^7> 

(160)^ ^7} X]l ^ X12 ^^Ml ^ ^ £H , ^7] f^lf l^W. 

#7l X12 <^>ol#^olEi(170)^ #71 »-§- ^7> ^-^-(160)^ ^«<H wfl*l£M, #71 # 

<8> #^*> ^ ^-ol, ^eflofl af^ 1:1- ^7> ^-fr ^-71 ^ #-§-S)-^ ^])°}x\vj■o)3_ 

-f £1-1- ^ o]-g-^>7l 0.98/1.56/zm ^^hi- A}-g-^7l£ 

^-fofl 0.98/zm 4^ ^#*Hr ^ #-g-5^ Oft 0)7] j^o] 

^ sa^uK 1.56/im ^^^^ ^ Jl#^ ^H*! q-ol^^L 

#-g-5|-5l^l ^^£.5., *#3-°-S Aj-^-s]^ DFB eflol^ C^-ol^-fcofl^ 

DFB ell ol 7-1 4°l^-^-H^ EDFA71- ^A^>S.S 7>z^°l Jf^o] # ^ ^> o>iJ|el- -¥-^7> 
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<9> a. ,£t$o- ^. 7 i^V ^Efl^ -£-^!;-g- n%*}7] 

<10> ^7ltb -^H^r ^^>7l ^. ^ofl 4^ -tfl- ^7> ^7}^, S- 

iflUM f^llt ^ ^7> ^-B-^-; ^-71 ^7]- 

^^^-71 ^*fl ^r*Kr 7l ^ ^ € ^PcHH ^3.^11- M-E}oflir ^€ 7}"<S w o V # 

#^*Rr *fll ^^^-Sf; ^>7l Irf" ^7> ^^*>7l ^*fl C-^ = 4 



<12> £ 2^ -g- ti>^-^t]: *1]1 ^*HH «m ^7> ^H3tt ^#7l^ 

M-Bfifl^ £^^14. ^"71 %7\ ^-R- #^-71^ afll ^-^(200)2f, A2 % m °\ 

ol#5flo]EK410,430)^, m ^^-^-(310)^, !:# ^7> ^^-(420)# 5.^3-. 

<13> #7] *U ^^-(200)^r #71 Irf- ^7> 3M3-fK420)S ^*>7l ^*fl ^ 

7l^^^ bHSMM ^3.^11- M-Bf-tfl^ if^^l 7;><?1 «d-##(amplified spontaneous 
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emission: ASE)^: #7l ^1 ^-^(200)^ *fll ^ A2 4# ^ 

(230,210)4, ^1 ^ #€(220)4, ^ ^7> #^4r(240)4, -£71^(250)4, €^ 
(filter, 260)4, *fll 4°1*3H4(270)-I- 5L^-*r4. 

<14> ^-71 4# ^13? ^7l(210)^r #7l ^7} #^-f}-(240)4 *llH| «fl*|5M 

, <y^€ S-^-^^l #*>^ #^1Jl4 C-HHs.^ ^Hf- €3*3^ «§^^ 4<S #### ^ 

<15> ^-7] afll #-£(220)^- #7l ^7> ^-^-H-(240)# ^^^>7] 31*11 0.98jum 

4#<i) #^4. #7l *)U ^ ^(220)^.^1^ 0.98/mi 4#4 

^ ^5- 4ol^c (pump LD )-i- + 

<16> ^7} afli 4#^ ^4(230)^ #7l afll ^ #^(220)°.3.-?-4 

4, #7l ;*fl2 4# <M ^^-7l(210)# ##2. ^ 4<£ 

##^hg: #^4. 

<17> ^-71 ol^- $7} ^0.(240)^ #71 *lll 4#^ ^7l(230)«- **ll ^ 

%o\] o]sfl ^^^O.S.^1, 4<£ y o V #^"# ^34^4. S=*. #7l Ol^- ^ 

-fr(240)^r #7] ^1 4#^ ^^-71(230)^" ^ #71 ^E^Sl ^3L& 4<£ # 

°1^ -H-H oj-g-^c^ ^S.§>^ #1^4. #7] c^-g- ^7> #^-fr 



(240)tt 1.56#m 4#°)14 ^S.^ s| 3 4^ -° S*l , #7l afll 4#^ 

(230)1- J§-f$\ <y^4 S-HflE. #4lJL^ #71 o\& ^7} #^-f}-(240) ^4 ^^^ol ^ 

44t11 £4. 
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<is> # 7 1 £-71^(250)^ #7l <>|# ^7} 3M3-fr(240)S] afl^s]^, #7l *fl2 4 

# ^ ^^-7] (210)4 #7l ^s.^ 7><2 « 0 >##4 t^^o] ^S(loop)!- 

^Cf. # 7 1 «-7l^-(250)^ ^€ 4^ 43 =L 43 

^^-(^11- S<H , 10%)!- %7\ ^SS. n 43 m^K^ll- , 

90%)!- #7l *fl2 o]-ol^eflolEK410)S #^tb4. #7l «J-# 

#7l 44 ^WTfl £4. #7l £-71^(250)^1^ ^-o. 1:9 ^j 

3. 43 ^-^>^ y J i#BlEKbeam splitter: BS)* ^V-§-^: *r £14. 

<19> # 7 J ^El(260)fe #7l ^-5. #ofl tifl^s)^, C-^=^l 7l^^^ ^4 4# 

ofl IcH^r #7l ^^Hr 7><^ « 0 V ##* ^^4°3 #^*Vcf. 2--, #7l ^Ei(260) 

xr 7>o^ w 0 v#^-oflA^| 7] Q ^ ^ 4#<>1 1.56/zm^ 4#^- ^ ^f- 

<20> # 7 J *Hl o>o]^eflolEK270)^ #4 #<Hl «11444, #7l ^4(260)1- *4t!r 

^€ 4<3 « 0 >#^-# -f-44 7l-Z, 3. ^ y oHK° S ^^Rr ^ 4#tb4. ^, #4 
^! o >ol^eflolEK270)fe #71 a{|2 4# ^ ^71(210)5.-^4 <y^4^r 4^ 
4. 

<21> #71 ^E^^ 7><3 « 0 >#%^r #71 *H2 4# ^4(210)5. ^4^, 

#4 A]2 4# ^4(210)tt #71 ^4^ 4<3 « 0 >#%4 Mil 

4^ #^4. °14tr £S 4^* #7l XI l ^-^(200)^ 1.56//m4 4# 

^ 5Hr -H#^4 4<S ##^-a: €4. 
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<22> # 7 1 42 oH^^o]El(410)fe #71 -g- 71^(250)^ #71 ^2 (300)^1 4°1°H 

Ufl^ilS*!, #71 -g- 71^(250)3.-^ ##JL ^ ^€ -S-^W 

<23> ^1-71 ^2 ^^-(300)xr #71 Irf- ^7> ^-^-(420)1- ^*>7l ^sfl C-^H.5+ tj> 

€■ 4# ^f*Kr ^^^-i: #^*H, #71 ^12 ^^-(300)^r ^12 ^ ^(310) 

-4, AS ^#^d^ ^^"71(320)1- 

<24> ^1-71 ^2 ^ ^(310)^ #71 »-§- ^71- ^-B-(420)# ^«>7l ^«fl, C-HES. 

^ 4^- 4# 31 «H ^Kr 0.98/an #^4. #7l ^12 ^ %Q 

(310) 0.9S(m s>#^l ^ #^*Kr efl °1 *1 ^-°l-2.-f = (pump LD)# a}** 

<25> ^>7l ^13 -4#^ ^^-71(320)^ #71 *fl2 ^ (310)^.5.^- 

-4, #7l *I12 <=»>^l#eflo]Ei(410)l- -f-«ti ##J: ^ ^€ 7><g 

<26> ^1-71 ^7> ^-R-(420)fe #71 *fl3 ^^"71(320)1- ^*fl ^ 

%4 ##^-011 si^fl cls*i , =l -f-^Vfe t^lit 

<27> . #7l ^3 o>ol#eflolEl(430)^ #7l %7\ ^-^-(420)^ wfl^sl^, # 

7l t"§- ^7> ^-^-^-(420)1- ^#31^ -f-^Al 71J1, ZL ^#^5. ^S*}^ 
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<28> s. 3-& w>^tb *112 ^*HH Irf- ^-^l^l 

<29> ^>7l ^7> ^Mfe ^ 2113 c.>ol^eflolE-K710,730)sl- ( A2 

(600)2)-, Irf" #^-fK720)£h *fll ^^S^-(500)» S^W. 

<30> #7l *fl2 aH*3H ^(710)^ A o v 7l ^2 ^^^-(600)^1 #«H1 afl^s]^, <^^^ 

<3i> ^1-71 *fl2 (600)^r ^"71 #1- #^-FK720)-I- ^ *>7l OMH^ v\ 

s. ^ ^o\) 4-f>}^ ^"71 ^2 ^-^(600)^ 2112 ^ ^(610) 

jif, ^3 sfW^ 4^-71(620)1- X^W. 

<32> Aj. 7 ] ^ 2 ^(610)^: <#7] ^7> ^-fr-fr % ^ *>7l ^^fl, O^S}- X\ 

-g. s^V cfl-^ofl a^Kr 0.98^ sj-^-o) ^3§^-^- f^tjVc]-. ^"71 *1l2 ^ ^(610)-2.S. 
2>i^ 0.98/zm 4^ #^Kr iSM*] cfo] H.(pump LD)1- ^--g-^: ^ &t}. 



<33> ^1-71 ^3 4^71(620)^ -S-71 *fl2 ^ M (610)^.5.-^ <y^^ 

^-71 ;*fl2 ^>ol#eflolEi(710)l- <tm& t-ait IfsH 

<34> #71 l-# ^7> #^-ft-(720)fe #7] ^3 sHHd 1 ^ 4"t7l (710)3.^- <y?m ^ 

# 7 1 *fll #^(500)3. -^B| ^s.^ 7><g wJ-^^-ofl o^fl ^3g^O.^M| > 

vfl-fl- *4*Rr <#7] 

<35> s£ 7 ] 41 ^-*f(500)^r #7] !•# ^7> ^-R-(720)» ^^§*>7l C-M3 = °11 ^ 

71 ^ofl ^ M-BK}}^ ^£ 7}<g y <M^* #71 2fl 1 
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^^(500)^ ^71-^(510)^4, *fll ^ %^(520)^, *lll sj-^-^ifl ^^-71(530)^-, °] 
# ^^-(540)^, A]2 *HHd^ ^^-71(550)^, ^^(560)^, *fll ^H*^l°l^ 

(570)1- 51^-^-4. 

<36> #7l £-71 -f (510)^ #71 Irf- %*M720)2\ ^f y <Hl «fl^5)^, ^7l *fl2 A 

#^«] ^^-71(550)^ #71 7}<g ###2] 

#71 ^-71 ^-(510)^ 0 J^€ ^€ 7}<g « 0 >#^ 3^ ^-^1-JL, II < H^ L ( 
afl-I- 1"^, 10%)* #7l #^>JL, 4^ M-H ^1(^11- 90%) » # 

71 1-f- ^7} ^ o.( 7 20)S. #7l ^SS 7><£ #71 

jasr^ nfe). ^^>t!1 si cf. #71 £-71-^(510)3*1^ 1:9^1 til^S ^ -g- 

<37> #7l *U ^ %^}(520)^ #71 ^7} ^-B-(540)# ^^^>7l ^§11 0.98/zm 

#7l *fll ^ #31(520) iL^i^r 0.98/zm -4#^ ^j-g- 

<38> #71 afll sHSHd®] ^71(530)^ #71 afll ^ ^€(520) #7l 

^7l^f(510)l- <y^^ ##JL# ^*><*l ^^}JL, H <x^°S- ^l^^H # 
71 o]^- $7} #^-fK540)°ll*| H o v ##* *3H?ltk 

<39> #7l ol-g- ^ 7 > #^-R-(540)tt #71 *fll ^^-7l(530)# **fl <3Sj€ ^ 

%ofl ^^O.^^ SS.^ ###_g- ^HH^. £E*h #7l ^71- 

-fi-(540)*r #71 A]2 4#^ej ^^-71(550)1- ^-*fl <3^€ #71 ^Bi^sl 

ol^-o^ o. £ «J- # o. ol^>o^ #3^. #71 <H-§- ^7> 

(540)^r 1.56^ 2f-#^>H ^) 3 3^-£-3.*l , #7l afll 4#*i^ £tM 
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(530)1- J§-n S-te %H5L^ #7l <H# ^7> ##-fr(540) 7^ 

<40> ^"71 *fl2 4# ^^"71(550)^ #7l ^-g- ^7} #^-ft-(240)2} 

tifl^S)^, #7l m <>H#3l o W730) nSLS. 

-H, C-MH^^l ^r*Hr 7><£ «o V #^^r #7l <H-g- ^7} %^(540) 

<41> ^-71 *fll o>ol^eflo]EK570)^ #71 ^-S. #ofl #71 7><£ 

# ^f-sH ?1^, ^- ^^>-5. ^*Rr ^, #7l afll ^ol^eflolE-1 

(570)^ #71 ^Bl (560)1- ^*11 °d^Sl^r 

<42> #7l ^ El (560)^ #7l #ofl till *1 3 ^, C-^H.o11 4=^V& 7l^^g^ ^4 ^# 

ofl 421- ^-71 ^^Hr ^€ 7}<£ #71 €^(560) 

^ ^€ 7><2 7l^^§€ S|-#^l 1.56^ 2}-#^- #^r^ J j L 

<43> #7] ^E|( 560)1- 7}<3 «M^£r #7l *fl2 ^#^1^ 

71(550)5. SJ^jl, #7l A]2 3}-#^ ^71(550)^ #7l ^^=1 7><£ 

#71 ^H-g- ^7> ^^(540) o]e|^ 4^ 7^0.5*1, # 

71 *U ^^-(500)^ 1.56w2) ^-#* ^.#^^1 ^€ 7}<£ U-##-§: #^*H1 
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< 44 > #7] ^13 <>H#3H £1(730)^ #7] ^ ^ ^^-71(550)^ 3=l*<H afl^s)^ 

, <#7] ^112 4^- ^^-7l(550)» ^-«fl ^Jltt #4^l7lJl, =L 

< 45 > ^#*V ti>^ ^-o], ^6fl aj-^ -t# ^7} ^7l^ S-«J^S] f^llt 
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1*3^} i] 

S- #*Rr ^^llt ^*}7] ^tb ^-fi-sq-; 

q-tq-iflfe 7><g #^Kr *fli ^Jfs}-; 

Aj-7] 1-f- ^7> ^ 3g3g§}7l <H*ti C-^H.5I|- q-S- Sj-^- Cfl^ofl ^3§^- 

*'M«Hr *H2 ^^«- ^HJiLS. ^7> ^7|. 

2] 

7}<£ ^^*>7l ^ ^7> ^-fr^; 

#^*Rr ^^-71^; 

^7l <H-g- ^7> %*}$-°\ E^-^^l Wfl^SM, *fll ^-71-^-^ ^1 #7} 7><3 

^-71 *H ^-71-^-^-; 
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#7l -f-H #°fl tifl^s]^, C-MH^^l ^r*Kr 71^^^ ^4 s^Vofl 45} # 7 ] ^ 

#-3-^ 7}<?! H o V #^* ^Ei^H #^*>^ ^^-^ ^ If 
3] 

zl -§-^Kr ^}tt Mil ^tt ^7> ^-^-B-sq- 

J 

#7l ^7> ^-B-# ^^§*>7l ^«fl, *}<S ^^^>JL, #71 ^ 

^E-l^^-A^Ml ^Hr 7]^Q ^Hl^ 313.^11- 14 El-^^ 7}^ « 0 > 

« 

#7l ^7> ^-R-l- ^^*>7l ^*fl 2j-# Cfl^ofl 

* #^*Hr ^2 if-f-i- ^^SLS. ^ l-l- ^7> #^Tr ^7l . 

4] 

*113%H1 5a<^i, #71 X| 1 ^J^b, 

« 0 >#^ ^^^>7l ^ $7} %*^<%; 

#71 ^-g- ^ 7 > ^-B-^l <|}«H tifl^Sl^, <^<g ^JL^ ^-5} #### 

21-16 



1020020080024 



M ^^>: 2003/1/18 



#7l ^ %$-frSi\ ^ofl afl *fll ^-71^ #7l ^ 

«o V #^^ fSf ^*}JL, #7l ^#JlSq- #7l 7><S 4^ 1 

#7l ^2. #<Hl wfl^lsl^, C-«0H=°fl 7)^& M ^#^1 #7] ^ 

^7}- ^HEl-ft #^-71. 
5] 

^14%H1 9l°]*\, #7l *fll ^^Mr, 

#7i <H-g. ^7f ^-R-i- ^ #^Rr ^ 

#71 %sg%& #71 ^7> ^Al7l7l ^tt ^^"711- D| iW^: ^ 

^AS. S}^ « ^7> ^-R- #^7l. 



#71 #ofl Wfl^SH, #71 7.>ol a o V #^^r ^#^S^> ^§--4*171^ 

ol^eflolEil- D| i^^g; ^ilJL *}±= Irf- ^7> ^j-jf ^71. 



*113%H1 #71 *fl2 ^^jMr 
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^■71 ^#-g: ^71 »-§- ^7> TltM 71 7} ^ TJ^-711- Xf-^ ^ 

<LS. *m !-# ^7> ^o. ^ 7l> 



[^t 2 -^- 8] 

^7} #7} ^7} #«<H1 tifl^l^ofl nfe^ #7] Irf- 

^7> ^-R-S ^«o V ^71 ^7)^, 

^7} *fll ^^fsj- ^-71 Irf- ^7} ^-n- *>°H tifl^l^A^Ml , # 7 1 ^7> 

^7> ^71. 

9] 

#7} X| 1 ^Jffe >8-7l ^7> ^-fi-Sl ^6fl yfl*l^ofl ^"71 3 

7} ^HS-fHI- ^ ^^8: ^3-2.3. *>^r «# ^7> ^-ft ^71. 
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